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THIS INVENTION relates to the treatment of
ferromanganese alloys which have been partially

or fully processed and which may be in a basically

unacceptable physical form such as the form of "fines”

cr

ield ferromanganese alloys with improvegd hysical fecrms
P p

and/or chemical composition.

Two basic processes which are appliceable &
the treatment cof ferromanganese alloys include the

remelting of fines or other physically unaccepteble
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of the alloys, and the refining of the alloys in order to

cbtain a product with a lower carbon or silicon cont

than is initially produced.

when cenventional SLRLNerges arc fernaosz

employed for the above descrirbeg pProcesses, varicus

Provlems become manifess. rer example, in the proce
which refining takes place, }t 15 extremely difficul
¢t all possible, to excluge tre carbonacsous regucisz
niterial from the reaction nons, One rTzason for srni
that, in any €VeEnt,the electroces of & culuerced zre
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close physical contact with the reaction mass and thus

adds carbon to the system.

Melting and refining in e submerged-arc furnace
takes place beneath a burden of feed material which
automatically feeds into the reaction zone under the

influence of gravity. This type of feeding denies any

sort of reasonable control over the

rate at which the rew

materials are fed to the reaction zone. Control cf the
conditions in the reaction zone cannct thus be exercised
to any appreciable degree.

4lso, in the cééé'of finely sized materials, it
is often inadvisable Lo feed such materizls to a
submerged- arc type of furnace unless they are briguettegd

maintain & sui*akble
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submerged-arc furnaces results in lowered furnace
resistance and hence lower power operation at maximun-

current.

The use of existing three-phase a.c. open-arc
furnaces such as steelmak;ng electric-arc furnaces for
the remelting and refining of ferromanganeée alloy
"fines" is not currently practised. The small size
(typically less than 6 mm) of the ferromanganese "finec"
would mean that the side walls would be exposed to the
.

arc flare"™ from the three electrodes throughout the

process which is considered bacé practice.

It is the object of this invention to provide an
improved method of treating ferromanganese &lloys in
which the disadvantages outlined above are, at least to

Some extent, obviated.

In accordance with this
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sustained by the passage of an electric current; in

which the ion temperature lies in the range 5 000 X to

60 000K;
surfaces;

may be added.

which is bounded by at least two electrode

An electrode surface is defined as the

and to which controlled amounts of material

interface between matter in a plasma state and matter in

a solid or liquid state across which interface an

electric current is pessing. & traeansferred-arc thermneal

plasma is defined as a
least one electrode surface

the surface of a

&rc in which at
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least &

part

continuous molten bath of process

of

meterial, andé wherein the bath is primarily liguid anag

may include some s0lid feed material.

the {¢28 material =o wosc through <he
thermal plasma arc in order to eupacl
bath
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oxidation of metal by providing & suitable sealed closed
reactor and optionally by purging the feed materials with
inert gas such as Argon. The furnace may be operated at
a8 slicht positive pressure with respect to prevailing
atmospheric pressure in order to enhance the exclusion of
air which may, otherwise, tend to leak into the reactor.
This can be achieved by restricting the flow passage for

off-ceses,

The f{eed materials are fed, in their solic
state, in suiteble proporticns, directly to the molten

bath in the hearth of the reactor.

It will be understooé that the reactor in which
the melting, refining, or reduction of feed materials
takeg place could assume many different physical forms
and that the lovwer regions may embody a number of
electrodes for establishing an elec:rical connection ¢
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pre-mixed materials and the enercy input are adjusted to

achieve and maintain desiregd temperatures of slag and.

molten metal., In cases where fluxing additions are nade

to the feed materials, these are chosen so that a

suitable liguidus temperature and chemical state (such as

the ratio of calcium oxidd to silica) of the slag

results. Carbonaceous reductants may optionally also be

included.

From the above it will be understood that the

process of this invention can be enployed to remelt

ferromanganese alloy fines (defined for the purposes of

this specificaticn as being less than 6mm in perticle

size), resulting from the physical sizing and handling of

ferromanganese products to vield a hysically more
S p Y

massive form of the alloy,

o

nd optionally to refine this

alloy, or indeed any other ferromanganese alloy, suitable

for refining, by the addition of at least one suitable

metald oxids to yield a product where

least silicon or carbon ic loverec. The metal oxide is
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of the invention in the three basic types of Operation

concernegd.

EXANMPLE 1 REMELTING OF HIGH CARBONL FERROMANGANESE Mom2j,

FINES USING A NON~-CONSUMARLE ELECTRODE,

Tests were conducted in a 1400kV.2 furnace
manufactured by Tetronics Research and Development
Limited (TRD) substantially in accordance With their
issued British Patent nos. 33%0351/2/3 and 159526, The
furnace generategd a transferreg-zrec plasma which
fulfilled the criteria above and employed a single,
water-cooled, ion-consumable plasma gun located centralily
above the molten path, The gun was of the pPrecessive
type and a precession speed of 50 RrM was exployed
t S

throuchout thes

D)

tests. A direct-current pover suprly

was employed in which the molten bath formed the ano ic

1

contact while the plasnma gun comprised the cathode.

The furnace was operated at slichtly posi

Tive
pressures (z0Pa. gauge) and the feed materizl cencise-ac
sclely of Terronanganese mevel “ipcn oo “etailed in Tazls
1 Inece metal fines contain a amalil prresntace of elag
which iz included in the palgeness, 1ron and silicon
Leperisd analyeces civen ipn 7able 1. The liguig creocuzis
Were torred CoONTinUOUSIY in two Camvaigns lazting e woezd
cf €,0 hours a+ betwzen 400 and 500 TWOCros: vower ip-—u-
WOLCh vrelfed & spenific FRENTY consuipiicn of T3 e
ol meial produch,  The Fradtavely ovall scads of bne
fornacze recioleed i o tharmal eificiency ¢f 75 rEroce



compared with an expected 90 per cent on a larger scale,

so that
closely
scale.

together

the specific enercy consumption would more
approach the theoretical value on a larger
The masses of feed, metal, slag and gust,

with the metal analyses are given in Table 2.

The loss of manganese in the dus: stream comprises only

0,65 per

while 8,

cent of the input manganese to the furnace,

3 per cent of the feed was tapped as slag.

TABLE 1

Raw material analyses (%)
Ferromangancce kn re S1 C S P
Metal Fines -
retal fines (50%-4mm) 75,5 14,5 0,68 6,95 0,006 10,07
TARRLE 2
Re-melting of ferromanganece metzl fines (ke)
Tegr nc Tead Metal Sliac Dust
~ 1335 13%9 133 7
2 2210 31532 ( =97 13
Metal Analyaezs Mn P 53 C S P(% bv nzs
P T L R i, I2 £,00 0,005 U,00
= FC S DL, €, 52 C,nQx 0,0
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EXANMPLE 2 REMELTING OF HIGH CZR30U FERROMANGANESE METAL

LR PRy o )

FINES USING A CONSUMABLE ELECTRODE.

&

Tests were carried out on a small.d.c. 100 kV.x
furnace eguipped with a hollow graphite electrode as the
cathode. The molten bath constituteg the anode anag
electrical contact was establicsheg via three stainless
steel anoaes in the hearth refractory. The graphite

electrode was free to nove axially in order to vary the

8]

arc length, arcon and/or nitrogen was injected down the

U

electrode, and the feed was gravity fed into the bath
directly. A total of 180 kg of metal fines were fed to
the furnace and the product and feeg analyses appear in
Table 3. The specific energy consumption was comparable

to the value achieved in Example 1 after adjusting for

the lower thernazl efficiency of tni
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TABLE 3

Analyses of feed and products for renelting campaign of

ferromanganese metal fines

Element Feed metal Product me+zzl

% (Lverace) £

Manganese 73,7 75,32
Iron : 13,5 17,08
Silicon 1,8 0,5

Carbon - - 6,6 5,75
sulphur | 0,025 : 0,01

Phosphorus 0,12 0,064

EAAMNPLE 3 REFINING OF HIGH-CALRRON TEREOMANIANESE ZTRL
{
These tests were carried out in & smalil 8. o,
T00HV.A transfierred-zrc plasie furpece Ltiiizing a
WELer-cooled non~contunakble nlisna gun nounsed Tantrells
&nove the Folten biuh.  The plaans CUun OnIv mived aNiILll
N Crder to o eluar a9 vlzera are lepetn
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The furnace which had an outside diameter of
€§ 600 mm, and a wall thickness of 120 nm, was lined with a
refractory material wherein the g0 content was approxi-
- mately 85% The hearth was lined with the same material

to a thickness of 300 mm and three stajinless steel rods
were used to make the d.c. (anode) electrical connection
to the molten bath through the hearth refractory. The
furnace was heated to a temperature of between 1750°C &and
18950°C with an initial metal charge to establish the
molten bath. The compositions of the raw materials are
given in Table &4, together with the masses of each

component actually fed to iderable
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refining was achieved in thea* the carbon and silicon
contents of the metal dropped from 6,6 per cent and 1,33

Per cent to 0,80 per cent and 0,36 per cent respectively.
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EXAMPLE 4

THE

REFINING

13

OF HIGH

ARBON

FERROMANGANESE

vessels

and the

¢
yielding bath temperatures from 1590°C to 1620°C. The

Tests were carried out in refractory linegd

molten bath as the anode at powers of 30 kW,

using a hollow graphite electrode as the cathode

feed consisted of a synthetic ore (prepared previously)

and ferromanganese metal fines with a metal:ore ratio cf

2:1,

Table 5 and

lowering of

The analyses of the feed materials are given in

the results of the refining tests showing

-

(=8

the carbon and silicon contents c¢f the netal

for each of the synthetic ore compositions are given in
Table 6.
TABLE 5
Feed material analyses (%)
M Fe 5 C
Ferrcmanganece metal fine:z 73,8 13,4 0,8 6,
MR 7ed Fa0 Cao 510 AJ
Synthetic cre 2 54,8 12,7 4 (22 0,7 10,8 0,
Synthetic cre B 52,1 12,2 3,6 17,5 5.3 0,
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TABLE 6

Refining test results

Synthetic Ore Mn Recovery retal Analyses (%)
% Mn C Si S
A 80 67 3,0 0,17 0,01
B 82 70 1,8 0,12 0,01

It is to be understood that the method accordinc
to this invention and exemplified above nay also include
the use of an alternating curren* power supply to generate

the transferred arc thermal rlasma.

The invention therefore provides an effective anc

Simple vrocess for refining, mel inye and otherwise treaving
ferromangancse allovs,
{
/
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WHAT WE CLAIM IS :-

e

A method of treating ferromanganese alloys in
which the alloy is treated in a suitable
reactor having a substantially non-oxidizing
atmospnere whilst being heated by a
transferred-arc thermal plasma, as defined;
wherein the treatment is primarily
accomplished in the molten bath; and wherein

feed material is fed directly to the bath.

A method of treating ferromanganese alloys
according to Claim 1 wherein the feed material
passes through the area defined by the thermal

plasma arc.

A method of treating ferromanganese alloys

according to either Clain 1 cr Claim 2 in

which the reactor is operatsd with ktne

pressure (

A metnod of trreating fayram™ma anm a‘lr.nr‘

s wT Luv L - T - Liity LTL LW anzZanss a1 R~
zccovding Lo zany cne of the oraceding ciains
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reactor is purged with inert gas prior to

entering the reactor.

A method of treating
]

according to any one

ferromanganese alloys

of the preceding claims

in which the transferred arc thermal plasma is

generated by a direct

A method of treating

current power supply.

ferromanganese alloys

according to any of the preceding claims in

which the transferrea

arc thermal plasna is

generated by an alternating current power

supply.

A method of treating
according to any one

wherein an electrical

- wherein at lezsk onn

concunadble elackrode

ferromanganese alloys

of the preceding claims
connection to the molten
least one electrcce

regions of the reactor.

of *+he vreceding clains

en*ially non-
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10.

11.

12.

claims wherein at least one consunable

electrode is employed above the bath.

A method according to any one of the preceding
claims wherein the electrodes employed above
the bath can be made to precess at a

preselected speed.

A method according to any one of the preceding
claims wherein the electrodes employed abovea
the bath can be made to oscillate at a

preselected frequency.

A method of treating ferromanganese alloys
according to any one of the preceding claims
wherein the feed material includes

ferromanganese alley finos.

A method of treating ferromanganes2 alloys

according to any one of thae precaiing clains

Ul
~
D
joh
r
(@}
VT
[
]
s
-
1¥4]
¢
4
m

, a
whereoln carbonacenis

~ Y ee 3 ~ - £~y R P 1 -
A MSTLOG CL TIPRTING CLerlolancansis 2110V3
AcCCerulnyg O any Cnée Ci tne preceding olains




AL M D S BTV M S0 s s A R B T A O B 1 AR e AT 65

15,

16.

17.

18.

is lowered by the addition of at least one

suitable metal oxide.

1]
A method of treating ferromanganese alloys
according to Claim 14 wherein the metal oxide

is an oxide of at least iron or manganese.

A method of treating ferromanganese alloys
according to any one of the preceding clainms

wherein a suitable flux is used.

A method of treating ferromanganese alloys
according“to any one of the preceding claims
in which the feed rate and the energy input
are adjusted to achieve and maintain desired

temperatures of slag and molten metal.

in zny cne of the
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brezted zy a metbod a3 clz2imed in any one of




